Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructic data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspecl this burden to Department of Defense, Washington Headquarters Services. Directorate for Information Operations and Reports {0704-0188), 4302. Respondents should be aware that notwithstanding any other provision of law. no person shall be subject to any penalty for failing to comply witn a collection 01 iniormauun valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
Introduction
One the most challenging issues in combustion simulations is associated with turbulence, including turbulence-chemistry interactions. The phenomenon of mixing at both micro-and macro-scales and its role and capability (or lack thereof) to provide a suitable environment for combustion and the subsequent effects of combustion on hydrodynamics have been at the heart of turbulent combustion research for half a century now! It is believed widely that the optimal means of capturing the detailed, unsteady physics of turbulent combustion is via large eddy simulation (LES) [1] [2] [3] [4] [5] [6] . The primary challenge in such LES is accurate modeling of the subgrid scale (SGS) quantities [3] . The Filtered Density Function (FDF) methodology, including its mass weighted form, the Filtered Mass Density Function (FMDF) has proven particularly effective for this purpose [1, 7] . The FDF is essentially the counterpart of the Probability Density Function (PDF) method in Reynolds averaged simulation, commonly referred to as the Reynolds-averaged Navier-Stokes (RANS) [1] . The idea of using the PDF method for LES was suggested first by Givi [8] , and the formal definition of FDF by Pope [9] provided the mathematical foundation of LES/FDF. In its simplest form, the "assumed" FDF method was suggested by Madnia et al. [10, 11] , where all of the drawbacks of this ad hoc approach were highlighted. The "transported" (not-assumed) marginal scalar FDF (SFDF) was developed by Gao and O'Brien [12] and Colucci et al. [13] ; the latter demonstrated that solution of the FDF from its own transport equation is possible. The scalar filtered mass density function (SFMDF), which is the variable density form of SFDF, was developed by Jaberi et al. [14, 15] and Garrick et al. [16] . The marginal velocity FDF (VFDF) was developed by Gicquel et al. [17] . The joint velocity-scalar FDF (VSFDF) was developed by Sheikhi et al. [18] . The first LES of a hydrocarbon flame, namely the Sandia-Darmstadt piloted diffusion flame [19, 20] , was conducted via SFMDF [21] .
The work of Colucci et al. [13] provides the first demonstration of a "transported" FDF. Since then, this methodology has experienced widespread usage and now is regarded as one of the most effective and popular means of LES worldwide. Some examples of recent contributions in FDF by others are in its basic implementation [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , fine-tuning of its sub-closures [37] [38] [39] , and its validation via laboratory experiments [26, [40] [41] [42] [43] [44] . The FDF is finding its way into industry and commercial codes (Fluent/ANSYS) and has been the subject of detailed discussions in several text-and hand-books [1, 4, 5, [45] [46] [47] . Givi et al. [48] provide a recent review of the state of progress in LES via FDF.
Accomplishments
The goal of this research was to improve the capabilities of the FDF method and to implement it for LES of chemically reacting turbulent flows. We feel that we have been very successful in achieving the specific objectives of this work. For a complete review of our work and our progress, we refer to the following publications:
• Development of VSFMDF. This work is published in Ref. [49] .
• Application of SFMDF for LES of Sandia-Sydney Bluff-Body Flame. This work is published in Ref. [50] .
• Development of FVS-FMDF. This work is submitted for publication [51] .
• Application of VSFMDF for LES of Sandia-Darmstadt Piloted Jet Flame. This work is under progress [52] .
• Several other papers are published including a survey [7] , a tutorial [53] , and two reviews [48, 54] ; including one in a Russian journal 3 Interaction with AFRL
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